Most of the calcium of the body is found combined with phosphate in the skeleton but phosphorus in one form or another is present in relatively large quantities in all body tissue. Any gross change in calcium metabolism must of necessity affect the phosphorus output. It might be possible, however, for considerable changes to occur in phosphorus metabolism without any great effect on the calcium balance,
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In the metabolism of bone the two elements are closely associated and under certain abnormal conditions their mutual interdependence is strikingly demonstrated. It has been clearly shown, for instance, (1, 2, 3, 4, 5, 6 ) that in growing animals the ratio of these two elements in the diet is of the greatest importance and that in the absence of the controlling influence of vitamin D any great departure from the optimal relationship of calcium and phosphorus in the food results in the development of rickets. In the rachitic child or rat, also, Karelitz and Shohl (7) and Shohl and Brown (8) found that the ingestion of added phosphate brought on tetany with the characteristic fall in serum calcium and rise in serum phosphorus.
It is well known that in many conditions there is a definite relationship between the values for calcium and phosphorus in the serum.3 In The term "serum phosphorus" is used with reference to serum inorganic phosphorus throughout this paper. 251
THU JOURNAL OF CLNICAL INVUSTIGATION, VOL. X, NO. 2 EFFECT OF INGESTION OF PHOSPHATES tetany, whether infantile, idiopathic, or after parathyroidectomy, the low serum calcium is almost always associated with a high serum phosphorus. A similar relationship was found to exist in terminal nephritis by Marriott and Howland (9) , DeWesselow (10) , and others. In hyperparathyroidism, on the other hand, whether induced by injections of parathyroid extract or present as a pathological state (11, 12, 13, 14, 15) , the serum calcium is high and the serum phosphorus low. In those conditions characterized by low serum calcium and high serum phosphorus the excretion of calcium in the urine tends to be diminished. When, on the other hand, the serum calcium is high and serum phosphorus low, the excretion of both in the urine is increased.
In exophthalmic goiter, Aub, Bauer, Heath, and Ropes (16) found associated with a greatly increased urinary excretion of calcium and nitrogen a corresponding increase in the phosphorus excretion. The converse was found to be true of myxedema. Tn neither case were serum levels changed appreciably.
It was first observed by Binger (17) that in dogs the injection of large amounts of neutral phosphate caused a marked lowering of the serum calcium with the development of tetany. Tisdall (18) obtained similar results and Salvesen, Hastings, and McIntosh (19) found that ingestion of very large quantities of inorganic phosphate, whether acid or basic, had the same effect. Injection of phosphate in dogs was found by Greenwald and Gross (20) to cause an increased excretion of calcium which persisted for several days. Ingestion of excess phosphorus in children has also been found to result in an increased loss of calcium in the feces (21) .
Although such close relationship has been found in the metabolism of calcium and phosphorus, no careful studies have been made of the influence of changes in the phosphorus intake on the calcium metabolism of human adults. The effects noted above, of injection or ingestion of phosphate, were produced in dogs by tremendous quantities which were far in excess of any physiological variation in the phosphorus intake. The purpose of the present investigation was to study the effect of great variations in the ingestion of phosphorus on the calcium balance of adults who had no disorder likely to affect the inorganic salt metabolism. Experiments were planned to differentiate clearly the influence of the phosphate radicle itself from that of the 252 acid or basic properties of its various salts as weH as from any possible effect of an increased nitrogen metabolism when the phosphorus intake was increased by feeding a high protein diet. EXPERIMENTAL 
PIROCEDURE
Most of the patients were given a control diet low in calcium and phosphorus but adequate with respect to other inorganic salts, vitamins, fat, carbohydrate, protein, and total caloric content, as described in a former paper (22) . This control diet was so constituted as to give a neutral inorganic residuum when oxidized. When there was of necessity an excess intake of acid radicles, as in a high protein diet, the acid effect was controlled by the administration of an appropriate amount of sodium bicarbonate with' each meal. Urine and stools were collected and prepared in three-day periods, as formerly described (22) , the specimens for the first three days being discarded. Whenever possible a further nine days was allowed for an initial observation period, nine days for testing each change in regimen, and an afterperiod of nine days for return to equilibrium before another change was instituted.
METHODS
Calcium determinations were made by Fiske's method (23) . This method has been found to be thoroughly dependable and more accurate than methods previously used, especially under conditions when large amounts of phosphate are excreted. Inorganic pbosphorus, urinary ammonia, titratable acidity of the urine, and total base, were done by the methods of Fiske and Subbarow; Folin; Henderson and Palmer; and Fiske, respectively, under conditions or minor alterations as previously described (22) .
EXPERIMENTS AND RESULTS
The effect of large doses of acid sodium phosphate WN, a married woman of thirty-four years of age, suffering from chronic atrophic arthritis, was given throughout the whole period of observation the same basal diet low in calcium and phosphorus, and potentially neutral. After a nine-day control period 15 grams of NaH2PO4. 2H20 It is quite clear that the ingestion of acid sodium phosphate, in such quantity that the phosphorus intake was increased to more than five times that of the control diet, had no appreciable effect on the excretion of calcium in either urine or feces. The average negative calcium balances for the initial control periods, the periods of administration of acid phosphate, and the final control periods were -0.50, -0.53, and -0.60 grams respectively. It is to be noted also that the increase in the titratable acidity of the urine in response to the ingestion of acid phosphate was much greater than that of the urinary ammonia. Even the slight increas'e in the ammonia excretion that occurred in this patient on the ingestion of acid phosphate is unusual. It is difficult to explain the further rise in ammonia excretion during the after-period, unless it be in some way associated with the acute infection from which the patient suffered in period VII. It is obviously not related to an increased phosphorus excretion.
Comparison of effects of ingestion of equal amounts of phosphorus as acid and as basic phosphate
In order to distinguish between the effect of the phosphate radicle and that of the acid or basic qualities of its salts, a patient, while maintained on a constant control diet low in calcium and potentially neutral, was given at appropriate intervals about 2.3 grams of phosphorus daily, first as Na2HPO4 and then as NaH2PO4. RN, a woman of thirty-nine years of age, weighing fifty-six kilos, hid suffered from rheumatic heart disease (mitral stenosis), chronic bronchitis, and bronchial asthma. During the period of observation, and for some time before, however, she had no cough, her chest was clear, and there were no signs of myocardial failure. She was comfortable and looked well. In period X, while receiving acid phosphate, she had some Again, it can be seen that the ingestion of large doses of phosphate, acid or basic, had no appreciable effect on the excretion of calcium in either urine or stool. When the disodium salt was fed the urine became alkaline and the ammonia excretion fell off but the excretion of calcium remained within the limits found in the initial control periods. On administration of acid phosphate the titratable acidity of the urine rose greatly while the ammonia and calcium excretion remained at basal levels. In both cases, even when there was diarrhea, the great bulk of the phosphate was absorbed and the urinary phosphorus was always much greater than the fecal phosphorus. There was also a marked retention of phosphorus.
The acid effects of NaH2PO4
Jn studying the influence of ingestion of various types of acid-yielding substances on the calcium and phosphorus metabolism, approximately equal amounts of "potential acid" were fed at appropriate intervals, first in the form of foodstuffs, then as NH4Cl, and later as NaH2PO4, to a patient, DA, who was recovering from chronic lead poisoning. He was thirty-seven years of age, weighed thirty-eight kilos, was comfortable, and took his food well and willingly throughout the whole period of observation. The calcium intake was constant and, except during the period when an acid diet was given, the same constant neutral low calcium diet was taken throughout. Results are presented in table 3 .
The sum of the ammonia excretion and titratable acidity of the urine is considered here, as in our other work, to give the best indication of the potential acid value of the ingested food or medication. In this experiment approximately equal values for this "total acid" of the urine were obtained during the ingestion of an acid diet, on administration of 4 grams of NH4Cl daily, and on administration of (24) that although the total acid output of the urine was approximately equal for the three types of acid ingested, nevertheless, when the acid was given as excess acid in the food or as NH4CI, the brunt of the burden was borne by increased ammonia production, and the titratable acidity of the urine was only slightly increased. When acid phosphate was given, however, the titratable acidity increased greatly and the ammonia excretion, still high after the ingestion of NH4CI, continued to fall while acid-phosphate was taken. In the second phosphate period it was only slightly higher than that of the control periods.
There was likewise a very great difference in the effect of the different types of acids on the calcium excretion. Those whose ingestion was associated with great ammonia production also gave rise to a considerable increase in the calcium excretion in the urine. The ingestion of NaH2PO4, on the other hand, which produced only an increased titratable acidity, was associated not with increased calcium excretion but actually with a slightly diminished output of calcium in the urine. The values for calcium in the feces were little affected by the different types of acid fed, although like those for the urine the lowest values for calcium in the feces of the whole period of observation were obtained during the administration of NaH2PO4.
The results of these three experiments show that the ingestion of large amounts of inorganic phosphate, whether acid or basic, falls to influence appreciably the excretion of calcium in either urine or feces in adults on a low calcium diet. The intake of phosphorus in these instances was much greater than could be fed in any diet of natural foodstuffs, corresponding as it did to the phosphorus content of a diet containing well over 200 grams of protein.
4That the increased excretion of ammonia which follows on ingestion of NH4Cl is not due to an increased intake of "ammonia" has been clearly shown in another paper (24) . The great excretion of ammonia fell to control levels when an appropriate amount of NaHCO3 was ingested between doses of NH4Cl. In hyperthyroidism (16) it had been found that a greatly increased excretion of calcium and nitrogen was associated with a corresponding increase in the phosphorus output. To ascertain whether a diet high in protein (i.e. high in phosphorus) wouId affect the calcium metabolism, 200 grams of protein per day were fed to a healthy normal individual, aged thirty, weighing seventy-eight kilos. In the previous nine days the subject had taken a neutral control diet of approximately the same low calcium content as that of the high protein diet. During the first nine days of the high protein diet sufficient NaHCO3 was taken with the meals to prevent an increase in the "total acid" excretion of the urine, thus eliminating the acid effect of the high protein diet. Results are given in table 4. On the ingestion of large quantities of protein there was a gradual but definite increase in the calcium excreted in the urine associated with an almost equal decrease in the calcium of the feces, so that the calcium balance for the period of high protein diet plus NaHCO3 was virtually the same as for the control period. The high protein diet had a low residue and during its administration the stools were smaller than formerly although there was no tendency toward constipation. The lower calcium of the stool may be accounted for, in part at least, by the smaller bulk of the feces, as suggested by observations of Sjollema (25) . The phosphate of the feces was little increased and after NaHCO3 was discontinued it was actually slightly less than that of the control periods. Phosphorus in the urine increased to over 4 grams, and even on such high intake there was a slight negative phosphorus balance.
The very high protein diet had no appreciable effect on the calcium balance so long as NaHCO3 was taken to neutralize its acid effect. When the NaHCO3 was discontinued the ammonia, titratable acidity, and calcium of the urine all rose but the experiment had to be discontinued before the full effect could be observed.
Moderate calcium diet-Effect of ingestion of added phosphate
All of the previous experiments had been done on patients taking a low calcium diet. The effect of equal amounts of phosphate, first in a 
high protein diet and then as added (nearly) neutral inorganic phosphate, was now studied on a patient receiving a moderate calcium intake of about 0.5 gram per day instead of 0.1 gram previously given. LZ, aged eighteen years, weighing sixty kilos, was slowly recovering from chronic multiple neuritis. He was confined to bed throughout the whole period of observation but looked and felt fairly well. After two periods on a diet containing 0.50 gram calcium and 66 grams protein per day he was given a diet of the same calcium content but containing about 120 grams of protein per day. NaHCO was added to control the acidity. Later, after an interval of nine days on the control diet, he was given approximately the same amount of phosphorus in an equimolecular mixture of NaH2PO4 and Na2HPO4. Results are presented in table 5 .
The calcium excretion in the urine of this patient was higher than is usual. On an intake of 0.50 gram per day there was in the control periods an average negative calcium balance of 0.44 gram per three-day period. He was kept on the high protein diet for eighteen days, during all of which time he was given NaHCO3. The average value for urinary calcium of the high-protein penrods is almost exactly the same as that for the preceding and for the following control periods. During the high protein diet, however, the stools were very much larger than in the control periods, and their calcium content was definitely, although not greatly, increased. There was, accordingly, a greater negative calcium balance during the period of high protein diet. This finding is quite the reverse of that obtained in subject R. F. F. on a high-protein diet. In R. F. F., however, during the ingestion of the high protein diet the stools were smaller than in the control periods. It seems reasonable to attribute the larger output of calcium in the stools of LZ not to any specific effect of increased ingestion of protein and phosphorus but rather to associate it with the greater fecal bulk (due to other causes).
The subsequent administration of 1.1 gram of phosphorus as an equimolecular mixture of Na2HPO4 and NaH2PO4 resulted in a slight decrease in ammonia and a definite decrease in the calcium of the urine. The size and calcium content of the stools was rathervariable but it is clear the administration of inorganic phosphate failed to cause In one subject blood determinations were made at frequent intervals after a single dose of 3 grams of phosphorus as nearly neutral phosphate. Although the serum phosphate rose from 3.4 mgm. to 5.0 mgm. the serum calcium values were not affected. These results are discussed more fully in another paper (26) .
COMMENT
These metabolic studies, with one exception, were made on adults given a diet which was neutral and adequate except in calcium. Wide variation in the ratio of phosphorus to calcium in the intake appears to have but little effect on the excretion of calcium in either urine or feces, or on the calcium balance. Even when the phosphorus intake was increased fivefold the only effect noted was a slight lowering of the calcium of the urine in one case. In the patient studied on a higher calcium intake, the effect of more than doubling the phosphorus intake was similarly negative.
When the acidity of a high protein diet was controlled by the addition of NaHCO3 there was likewise no appreciable effect of such high phosphorus and protein intake on the calcium balance in patients on low or moderate calcium intakes.
The amounts of inorganic phosphorus fed were in general the largest that could be taken without the development of diarrhea. In all cases the stools tended to be a little loose and in one case there was mild diarrhea for a day or so. The absorption of phosphate-, however, was good and although phosphorus in the feces was always increased yet it was never nearly so great as that of the urine. Usually about three-fourths of the extra phosphorus output was excreted in urine. When inorganic phosphate was fed there was in all cases definite phosphorus retention. In the two cases on high protein diet there was a slight negative phosphorus balance.
In another paper (27) attention is drawn to the fact that in periods of great phosphate ingestion there was not sufficient total fixed base in the feces to bind the phosphate present as tribasic phosphate, to say nothing of the amount of calcium that would be required to do so. It has been erroneously assumed by some investigators that the Ca/P ratio in the stools can per se be used as evidence for or against the statement that calcium is excreted as a tribasic salt. Under the conditions of our experiments it is quite clear that the ingestion of large amounts of phosphate has had no tendency to increase the elimination of calcium in the feces materially. As to the precise form in which the calcium existed, we have no evidence.
The failure of ingested NaH2PO4 to act like other acids in inducing an increased excretion of ammonia in the urine is discussed elsewhere (24) . In our experiments, whenever ingestion of acid was associated with definitely increased ammonia production the calcium excretion was also increased. The ingestion of NaH2PO4 in all cases resulted in little or no increase in ammonia and no increase in calcium elimination. Increase in ammonia and calcium of the urine are probably separate but parallel responses to the same stimulus. Variation in the ammonia output, however, appears to be the best indication as to the effect of a given "acid" on the calcium excretion. With regard to calcium metabolism, therefore, the acid value of a diet is better measured by its effect on ammonia production than by the "total acid" output (i.e., ammonia plus titratable acidity).
SUMMARY
The effect of large variation of the phosphorus intake, inorganic and organic, on the calcium metabolism of adults receiving a low or moderate calcium intake has been described.
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Great variation in the phosphorus intake and, therefore, in the P/Ca ratio failed to affect materially the excretion of calcium in either urine or feces, although in two cases administration of inorganic phosphate resulted in a slight but definite decrease of the calcium of the urine.
Ingestion of a very high protein diet had no appreciable effect on the calcium balance when the acid effect of the protein was controlled by administration of NaHCO3.
Ingestion of NaH2PO4 gave rise to a great increase in titratable acidity of the urine but had little effect on the excretion of ammonia or calcium. In this it differed from other acid-producing substances studied, which resulted in increasing both the ammonia and calcium of the urine. 
